In this paper, we extend the idea of MLP to three-dimensional space and present the multi-dimensional limiting process for three-dimensional flow. The basic idea of the multi-dimensional limiting condition is that the vertex values interpolated at a grid point should be within the maximum and minimum cell-average values of neighboring cells for the monotonic distribution. By applying the MLP (Multi-dimensional Limiting Process), we can obtain nonoscillatory shock profile even in multiple dimension, which results in very good convergence characteristic. Furthermore, while maintaining the oscillation-free attribute, we can achieve an enhancement of solution accuracy by combining the MLP with high-order polynomial interpolation.
Introduction
Since the late 1970s, numerous ways to control oscillations have been studied and several limiting concepts have been proposed. Most representatives would be TVB, ENO/WENO and TVD [1] . However, most oscillation-free schemes have been based on the mathematical analysis of one-dimensional convection equation. Although they may work very well in many cases, it is often insufficient or almost impossible to control oscillations near shock discontinuity in multiple dimension. For that reason, it is obvious that more practical oscillation control method for multi-dimensional applications is needed.
Kim and Kim[2] extended the one-dimensional monotonic condition to two-dimensional flow and presented the two-dimensional limiting condition successfully. With the limiting condition, a multi-dimensional limiting process (MLP) is proposed which gives more accurate results for the two-dimensional Euler and Navier-Stokes equations. It is this approach which prompts the work of the present research. As a continuous study on MLP, we extend the idea of MLP to three-dimensional space and also consider three-dimensional MLP approach with high-order polynomial interpolation.
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Multi-dimensional Limiting Condition
The present research essentially extends the MUSCL approach [3] with TVD limiter. One-dimensional limiting condition using TVD constraint can be written as follows. [1] 0 ≤ φ(r) ≤ min(2r, 2).
(1)
The extension of Eq.
(1) in a dimensional splitting manner may be insufficient to prevent oscillations in multi-dimensional flow. The dimensional splitting extension does not possess any information on property distribution at cell vertex points, which would be essential when property gradient is not aligned with grid lines. Thus, as an extended condition including the missing information, Kim and Kim[2] proposed multi-dimensional limiting condition for two-dimensional flow.
In order to realize the limiting condition in three-dimensional situation, the values at vertex points are required to satisfy the following condition.
where Φ i+p/2,j+q/2,k+r/2 is a vertex point value andΦ min p,q,r andΦ max p,q,r are the minimum and maximum cell-averaged values among neighboring candidates, respectively. To derive the multi-dimensional limiting function from Eq.(2), we need to express the vertex point values in terms of variations at the cellinterfaces.
After that, we determine each variation to satisfy the multi-dimensional limiting condition using the limiting coefficient α. The coefficient α possesses the information of multi-dimensionally distributed physical property. Thus, with the help of the coefficient α, we can formulate the multi-dimensional limiting function. Here, we will give only the final formulation of MLP for three-dimensional flow and refer to [4] for most details of derivation procedure.
The Formulation of MLP for Three-dimensional Flow
With the multi-dimensional limiting function, a new family of limiting process in multi-dimensional flow can be developed. For three-dimensional flow,
where α is the multi-dimensional restriction coefficient which determines the baseline region of MLP and β is the coefficient evaluated by various kinds of interpolations. Since the evaluations of interpolated values are independent of a numerical flux, MLP can be combined with any numerical flux. Values of
